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(57) ABSTRACT 

An electromagnetic interference suppressing body is pro- 
vided for suppressing electromagnetic interference by unde- 
sirable electromagnetic waves. The body includes a conduc- 
tive support element and a non-conductive soft magnetic 
layer provided on at least one surface. The electromagnetic 
interference suppressing body may be used in an electronic 
equipment comprising a circuit board and an active element 
mounted on the circuit board, and is interposed between the 
circuit board and the active element so as to suppress the 
interference by an induction noise generated from the active 
element. The electromagnetic interference suppressing body 
may also be used in a hybrid integrated circuit element 
having an active element and a passive element mounted on 
a circuit board. The hybrid integrated circuit element is 
covered with and sealed by a non-conductive layer and the 
electromagnetic interference suppressing body overlying an 
outer surface of the non-conductive layer. 

26 Claims, 11 Drawing Sheets 
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ELECTROMAGNETIC INTERFERENCE 

SUPPRESSING BODY HAVING LOW 
ELECTROMAGNETIC TRANSPARENCY 
AND REFLECTION, AND ELECTRONIC 
DEVICE HAVING THE SAME 

This is a division of application Ser. No. 08/374,825, 
filed Jan. 19, 1995, issued as U.S. Pat. No. 5,864,088. 

BACKGROUND OF THE INVENTION 



The present invention relates to an electromagnetic inter- 
ference suppressing body for use in suppressing electromag- 
netic interference by any useless or undesired electromag- 
netic wave or waves, and also relates to an electric circuit 
device using the electromagnetic interference suppressing 
body. 

In digital and/or high frequency electric circuit devices, 
small size and light weight are strongly desired and, 
therefore, electronic parts are required to be mounted on a 
printed circuit board as well as in an electric circuit device 
with a high density. 

When electronic parts and wiring conductive lines are 
mounted on a circuit board, electromagnetic interference is 
caused by electrostatic and/or magnetic coupling between 
electronic parts and/or wiring conductive lines. Further, if a 
plurality of circuit boards are disposed adjacent to one 
another, electromagnetic interference is also caused between 
the adjacent circuit boards. In particular, the electromagnetic 
interference is severe when active elements such as semi- 
conductor devices are mounted on the circuit board or 
boards because the active elements radiate undesired elec- 
tromagnetic wave or inductive noise. 

In the prior art, suppress of the electromagnetic interfer- 
ence was tried by means of connecting a low-pass filter or 
noise filter to each output terminal of the circuit board or by 
means of keeping a circuit in question at a distance. 
However, they require a space for disposing the filter or 
filters and/or a space for giving the distance. As a result, the 
device is made large in size and weight. 

For suppressing electromagnetic coupling between adja- 
cent circuit boards, a conductive shielding member was 
disposed between the circuit boards. However, the shielding 
member cannot prevent reflection of an undesired radiation 
from one circuit board, so that the reflection increases 
magnetic coupling between parts on the circuit board. 

Hybrid integrated circuit elements are known as elec- 
tronic circuit elements of a high density and a small size and 
are usually mounted on a mother board or boards in the 
electric circuit device. In the condition, the hybrid integrated 
circuit elements also suffer from electromagnetic interfer- 



ence suppressing body with a low electromagnetic transpar- 
ency and with a low electromagnetic reflection disposed in 
a space between an electronic circuit part and a circuit board 
to thereby suppress coupling between the circuit part and a 

5 wiring line on extending on the circuit board. 

Further, it is an object of the present invention to provide 
a hybrid integrated circuit element wrapped by an electro- 
magnetic interference suppressing body with a low electro- 
magnetic transparency and with a low electromagnetic 

io reflection which is enable to suppress electromagnetic inter- 
ference caused by any external elements and by any internal 



According to the present invention, an electromagnetic 
interference suppressing body for suppressing electromag- 
15 netic interference by undesired electromagnetic waves can 
be obtained which comprises a conductive support element 
and a non-conductive soft magnetic layer overlying at least 
one of surfaces of the conductive support element. 
Further, according to the present invention, an electronic 
20 equipment can be obtained which comprises a circuit board 
having an active element thereon, the active element gen- 
erating an inductive noise, wherein an electromagnetic inter- 
ference suppressing body is interposed between the circuit 
board and the active element, the electromagnetic interfer- 
25 ence suppressing body comprising a conductive support 
element and a non-conductive soft magnetic layer overlying 
at least one of surfaces of the conductive support element. 
Furthermore, according to the present invention, a hybrid 
30 integrated circuit element can also be obtained which has a 
circuit board, an active element and a passive element 
mounted on the circuit board, and which is characterized in 
that the active element, the passive element, and the circuit 
board are covered together with and sealed by an insulating 
3S layer, a non-conductive soft magnetic layer comprising soft 
magnetic powder and organic binder, and overlying an outer 
surface of the insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view partly showing an electromag- 
40 netic interference suppressing body according to a first 
embodiment of the present invention; 

FIG. 2 is a sectional view partly showing, in a common 
structure, a conductive support element in an electromag- 
netic interference suppressing body according to a second 
45 and a third embodiments of the present invention; 

FIG. 3 is a sectional view partly showing a conductive 
support element in an electromagnetic interference sup- 
pressing body according to a fourth embodiment of the 
so present invention; 

FIG. 4 is a sectional view partly showing a conductive 
support element in an electromagnetic interference sup- 
pressing body according to a fifth embodiment of the present 



SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to 
provide an electromagnetic interference suppressing body 
with a low electromagnetic transparency and with a low 
electromagnetic reflection which enables to electromagneti- 
cally shield a circuit board from another circuit board 
adjacent thereto as well as to suppress reflection of undes- 
ired radiation by the body to thereby suppress coupling 
between parts on the same circuit board even without use of 
low-pass filter or noise filter and even without a large 
distance between parts of circuit boards. 

It is another object of the present invention to provide an 
electric circuit device having an electromagnetic interfer- 



55 FIG. 5 is a sectional view partly showing an electromag- 
netic interference suppressing body according to a sixth 
embodiment of the present invention; 

FIG. 6 is a sectional view partly showing an electromag- 
netic interference suppressing body according to a seventh 
60 embodiment of the present invention; 

FIG. 7 is a sectional view partly showing an electromag- 
netic interference suppressing body according to an eighth 
embodiment of the present invention; 

FIG. 8 is a sectional view schematically showing an 
65 example of application of an electromagnetic interference 
suppressing body according to the present invention which 
is interposed between circuit boards; 
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FIG. 9 is a schematic view of an evaluating system for use 
in evaluation of a characteristic of the electromagnetic 
interference suppressing body and especially for measuring 
an electromagnetic transparent level therethrough; 

FIG. 10 is a schematic view of an evaluating system for ; 
use in evaluation of a characteristic of the electromagnetic 
interference suppressing body and especially for measuring 
an electromagnetic coupling level; 

FIG. 11 is a graph showing a frequency characteristic of 
electromagnetic transparent levels obtained by measuring 
comparison samples by use of the evaluating system shown 
in FIG. 9; 

FIG. 12 is a graph showing a frequency characteristic of 
electromagnetic coupling levels obtained by measuring 1 
comparison samples by use of the evaluating system shown 
in FIG. 10; 

FIG. 13 is a graph showing a frequency characteristic of 
electromagnetic transparent levels obtained by measuring 
samples of the present invention by use of the evaluating 2 
system shown in FIG. 9; 

FIG. 14 is a graph showing a frequency characteristic of 
electromagnetic coupling levels obtained by measuring 
samples of the present invention by use of the evaluating 
system shown in FIG. 10; 2 

FIG. 15 is a graph for showing transparent levels and 
coupling levels of comparison samples and samples of the 
present invention at a frequency of 800 MHz; 

FIG. 16 is a sectional view of an electronic equipment 
using the electromagnetic interference suppressing body; 3 

FIG. 17 is a graph showing a frequency characteristic of 
transparent levels obtained by measuring comparison 
samples by use of the evaluating system shown in FIG. 9; 

FIG. 18 is a graph showing a frequency characteristic of 3 
coupling levels obtained by measuring comparison samples 
by use of with the evaluating system shown in FIG. 10; 

FIG. 19 is a graph showing a frequency characteristic of 
transparent levels of obtained by measuring samples of the 
present invention by use of the evaluating system shown in 4 
FIG. 9; 

FIG. 20 is a graph showing a frequency characteristic of 
coupling levels obtained by measuring samples of the 
present invention by use of the evaluating system shown in 
FIG. 10; 4 

FIG. 21 is a sectional view of a hybrid integrated circuit 
using the electromagnetic interference suppressing body; 

FIG. 22 is a graph showing a frequency characteristic of 
transparent levels obtained by measuring a comparison s 
sample and a sample of the present invention by use of the 
evaluating system shown in FIG. 9; and 

FIG. 23 is a graph showing a frequency characteristic of 
coupling levels obtained by measuring a comparison sample 
and a sample of the present invention by use of the evalu- 5 
ating system shown in FIG. 10. 



Referring to FIG. 1, an electromagnetic interference sup- i 
pressing body according to a first embodiment of the present 
invention is now described below. The electromagnetic 
interference suppressing body 100 shown therein comprises 
a conductive support element 1 and a non-conductive soft 
magnetic layer 2 mounted on or overlying at least one i 
surface (two layers 2 are shown on both surfaces in FIG. 1). 
Non-conductive soft magnetic layer 2 comprises soft mag- 



netic powder 3 of particles each of which has a flat shape of 
a needle-like shape, and organic binder 4 in which the soft 
magnetic powder 3 is uniformly dispersed. 

For use as the conductive support element 1, one element 
is selected from, for example, a conductive plate, a conduc- 
tive mesh plate, and a textile of conductive fiber. The 
conductive support element 1 can have the soft magnetic 
property. For use as the conductive support element 1 with 
the soft magnetic property, one element is also selected 
from, for example, a soft magnetic metal plate, a soft 
magnetic metal netting plate, and a textile of a soft magnetic 
metal fiber. 

In an electromagnetic interference suppressing body 100 
according to a second embodiment of the present invention 
shown in FIG. 2, conductive support element 1 with or 
without the soft magnetic property comprises a non- 
conductive or insulative base member 5 and a conductive 
thin layer 6 formed by evaporation on at least one surface of 
non-conductive base member 5. Although two conductive 
thin layers 6 are shown on both surfaces in FIG. 2, one 
conductive thin layer 6 may be formed on one surface of 
non-conductive base member 5. Non-conductive soft mag- 
netic layer 2 similar to the layer 2 shown in FIG. 1 provided 
to overlie the conductive thin layer 6. In an electromagnetic 
interference suppressing body 100 according to a third 
embodiment of this invention, a soft magnetic thin metal 
layer 7 can be used in place of the conductive layer 6 in FIG. 
2. Although soft magnetic thin metal layer 7 is formed by 
evaporation on each of both surfaces of non-conductive base 
member 5, a single soft magnetic thin metal layer 7 may be 
formed on one surface thereof. 

In an electromagnetic interference suppressing body 100 
according to a fourth embodiment of the present invention 
shown in FIG. 3, conductive support element 1 comprises 
organic binder 4 and conductive powder 8 dispersed therein. 
Non-conductive soft magnetic layer 2 similar to the layer 2 
shown in FIG. 1 overlies at least one surface of conductive 
support body 1. 

electromagnetic interference suppressing body 100 
fifth embodiment of the present invention 
shown in FIG. 4, conductive support element 1 comprises 
non-conductive base member 5 and a conductive layer 9 
overlying at least one surface of conductive layer 9. Non- 
conductive soft magnetic layer similar to the layer 2 shown 
in FIG. 1 is formed to overlie at least one surface of 
conductive support body 1. 

Referring to FIG. 5, an electromagnetic interference sup- 
pressing body 100a sixth and seventh embodiment of the 
present invention comprises conductive support element 1, 
non-conductive soft magnetic layer 2 overlying at least one 
surface of conductive support body 1, and a dielectric layer 
10 overlying a surface of non-conductive soft magnetic layer 
2. Non-conductive soft magnetic layer 2 comprises soft 
magnetic powder 3 of particles, each of which has a flat 
shape or a needle-like shape, and organic binder 4. Dielectric 
layer 10 includes dielectric powder 11 and organic binder 4. 

An electromagnetic interference suppressing body 100 
shown as a seventh embodiment in FIG. 6 is similar to the 
sixth embodiment in FIG. 5, but is different in that the 
dielectric layer 10 is interposed between conductive support 
body 1 and non-conductive soft magnetic layer 2. 

Referring to FIG. 7, an electromagnetic interference sup- 
pressing body 100 shown as an eighth embodiment com- 
prises conductive support element 1 and non-conductive soft 
magnetic layer 2 overlying at least one surface of conductive 
support body 1. Non-conductive soft magnetic layer 2 
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comprises soft magnetic powder 3 of particles, each of conductive soft magnetic layer 2 has a high dielectric 

which has a flat shape or a needle-like shape, dielectric coefficient in a high frequency range and has a relatively flat 

powder 11, and organic binder 4. frequency characteristic curve. For example, barium titanate 

In the embodiments mentioned above, the conductive series ceramics, titanium oxide-zirconium oxide series 

support element 1 is selected from a conductive plate, a 5 ceramics, lead perovskite series ceramics or the like is 

conductive mesh plate, and a textile of conductive fiber. recommended. 

Further, the conductive support element 1 may have the soft The description will be made as to a test for evaluating 

magnetic property and can be selected from a soft magnetic properties of the electromagnetic interference suppressing 

metal plate, a soft magnetic metal mesh plate, and a textile body 100 according to the present invention, 

of a soft magnetic metal fiber. w ^ tQ mQ g> ^ rf appHcatjon of dec _ 

Examples used for conductive support body 1 are as tromagnetic interference suppressing body 100 is supposed 

follows: a thin metal plate such as a thin copper plate, a thin for lne t6st j n me sup p 0 sed application, two circuit boards 

stainless plate, and a thin alminum plate, a so called, 2 1 and 22 are disposed in parallel with each other and with 

punched metal made of such a thin metal plates through a space left therebetween, and electromagnetic interference 

which holes are punched, a, so called, expanded metal plate SU p pre ssing body 100 is disposed in the space with prede- 

made of those thin metal plates through which slits are termined distances from respective circuit boards 21 and 22. 

formed and expanded thereafter, and a metal grid or netting m . . , , ,„ .,...„ ., , 

by making fiber conductors into a grid or net. b ° ar ds 21 ™ d 22 m individually provided 

„ , . , iL with a plurality of electronic parts such as shown at 24, 25 

Tie conductive support element can have the soft mag- 2Q and 2f> Qn mowtia surface of those circuit boards 

netic property and is made of such materials as a permalloy and afe ^ that the mounting surfaces face each 



>r iron-sihcon steel and the like into the similar shapes as othef The distance between aQ 6lectronic 24> 25> Qr 26 
described above By use of this conductive support element Qn Qne ^ boarf and a fcd 0Qe of electronic ts 
1 it is expected to obtain high suppressing effect against the 24 _ 2fi Qn ^ othef circuit board fc about 2 mm but less , han 
electromagnetic interference at relatively low frequency. 2J . ( 

Typical materials of soft magnetic powder 3 are an , , . . . 

iron^lminum-silicon alloy which is referred to as "SEN- FIGS ' 9 and 10 , show dlfferent . ""^^ 
DUST" (trademark) having a high permeability at a high properties of the electromagnetic interference suppressing 
frequency range and an iron-nickel alloy (permalloy). Soft bodv 100 of < he P 1 ^ ™ tl0 0 n * the su PP°, sed 
magnetic powder 3 is used in a state that it is reduced to fine 30 a PP bcat i° n > as shown m J 1 ^ 8 ' 9 shows an evaluating 
powder and oxidized at its surface. Further, it is desirable *£* m *! r measunn g the electromagnetic transparent level 
that an aspect ratio of soft magnetic powder 3 is high &£] of the electromagnetic interference suppressing body 
enough, for example, about more than sfl. 100 > and ™- }° shows another shutting system for 

_ . , - . , , measunng the electromagnetic coupling level [dBJ by the 

The conductive support element 1 is also made of a sheet e i ectromagnetic interference suppressing body 100. Each of 
which is formed by metal powder such as silver powder and 35 ^ g ^ ided with an electromagnet i c waV e 

copper powder, conductive carbon black, or conductive tQr 28 and an electromagnetic field mea suring instru- 

titamum oxide mixed with and dispersed in organic binder. meQt (a receiving e i eme nt) 29 which use a small loop 
Furthermore, it is possible to use conductive support antenna for radiating electromagnetic field having a loop 
element which comprises non-conductive base member 5, diameter of less than 2 mm and a small loop antenna for 
for example, made of a polyimide base member and a to rec6 ; vmg electromagnetic field, respectively. A spectrum 
conductive film of, for example, metal, magnetic metal analyser (not shown) is used for measuring the values of the 
conductive carbon, organic conductive material and others transparent and coupling levels, 
which is formed by evaporation on at least one of the „ . „ . • .• r , 

surfaces thereof The followin g 1S a detailed description of samples of 

_ . as electromagnetic interference suppressing body 100 of the 

The conductive support element 1 is also made of a sheet nt invention sub j ect ed to the evaluating test, 

which is formed by coating a polyimide base member 5 with rp- t i i 

the mixture of the metal powder, conductive carbon black, or *- p ' , , . ,. ,™ , , • . 

conductive titanium oxide and the organic binder 4, using a A first sam P le havm S a structure of FIG 1 was obtained 
doctor blade method, a gravure coating method, a reverse b V usm § a stalnless nettln 8 °[ 24 _, me f as the f onduc - 
coating method or the like. ~ 50 tlve su PP ort elem6nt l > both slde of the metal nettln S 

a • u- j .urn- . • r with a soft magnetic paste having a first composition 

As organic binder, the following materials are recom- a ^ ^ tQ faave & drfed 

mended; thermoplastic resins such as polyester resins, poly- and ^ ^ thickness of 1 2 and formi curf 
vinyl chloride resins, polyvinyl butyral resir i polyurethane for ^ homs ^ g5 „ Q ^ ^ fe ^ obtained was 
resm ceUulose resins nitrde-butadiene rubbers styrene- 55 analysed by use 0 f a vibrating magnetometer and a scanning 
butadiene rubbers and the hke, copolymers of those ther- m [ c and it ^ co ^ firmed that the 

moplastic resms or thermosetting resins such as epoxy resm, rf ma tization * axis and m a tic article ali t 
phenol resm, amide resins, imide resins and the like. afe of ^ sample 6 

Non-conductive base member 5 is, for example, made of 
a polyimide base member on one side or both of which fi0 
metal, magnetic metal, conductive carbon, organic conduc- 
tive body or the like is deposited to form a thin layer using 
such deposition method as spattering, vacuum deposition, or 
chemical vapor deposition (CVD). 

Further, it is desirable that dielectric layer 10 which is 65 Average particle diameter 
another element of the present invention described as the Aspect ratio 

sixth embodiment or dielectric powder 11 used for non- 



7 

-continued 
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-continued 



Polyurethane resin 

Hardening agent (Isocyanate compound) 
Solvent (Mixture of cyclohexane and toluene) 



[Second sample] 

A second sample having a structure of FIG. 1 was 10 
obtained in the similar manner to obtain the first sample, 
except that a permalloy (52Ni — Fe) wire netting of 24 mesh 
having soft magnetic property was used as a conductive 
support body 1, instead of using a stainless wire netting in 
the first sample. 15 
[Third sample] 

A third sample having a structure of FIG. 2 was obtained 
in the similar manner to obtain the first sample, except that 
the conductive support element 1 was used which comprised 
a polyimide film of 75 /xm thickness and alminum layers of 20 
3 fan thickness formed on both surfaces of the film by 
sputtering. 
[Fourth sample] 

Afourth sample having a structure of FIG. 2 was obtained 
in the similar manner to obtain the first sample, except that 25 
the conductive support element 1 was used which comprised 
a polyimide film of 75 /an thickness, and silver films formed 
by coating both surfaces of the polyimide film with a silver 
paste having a second composition described below by a 
doctor blade method to have a dried and cured thickness of 30 



Polyurethane resin 

Hardening agent (Isocyanate compound) 

id toluene) 




8 weight parts 
2 weight parts 
40 weight parts 



45 weight parts 



[Sixth sample] 

A sixth sample having a structure of FIG. 7 was obtained 
by using stainless wire netting of 24 mesh as a conductive 
support element 1, coating both side surfaces of the wire 
netting with a soft magnetic paste having a Fifth composi- 
tion described below by a doctor blade method to have a 
total thickness of 1.2 mm after being dried and cured, and 
performing curing for 24 hours at 85° C. 
<Fifth a 



composition> 



Average particle diameter 
Organic binder 

Polyvinyl butyral resin 
Hardening agent (Isocyanate compound) 
Solvent (Ethyl ce" ' 



Polyurethane resin 

Hardening agent (Isocyanate compound) 
Solvent (Mixture of cyclohexane and toluei 



[Fifth sample] 

A stainless wire netting of 24 mesh was used as a 
conductive support element 1. On both side of the stainless 
wire netting, a soft magnetic paste having a Third compo- 
sition described below was coated by a doctor blade method 
so that the coating would have a total thickness of 1.0 mm 
after being dried and cured. Then, curing was carried out for 
24 hours at 85° C. On the soft magnetic layer, a dielectric 
paste having a Fourth composition described below was 
coated by a doctor blade method to have a thickness of 100 
/<m after being dried and cured. A fifth sample having a 
structure of FIG. 5 was thus obtained. 

The analysis of the fifth sample by use of the vibrating 
magnetometer and the scanning electron microscope 
revealed that the directions of magnetization easy axis and 
magnetic particle alignment were in the surface of the 
sample. 

<Third composition> 



Composition: Fe-Al-Si alloy 



90 weight parts 



[First comparison sample] 

40 A copper plate having a thickness of 100 /am was used as 
a first comparison sample. 
[Seventh sample] 

A seventh sample having a structure of FIG. 1 was 
obtained by using a copper plate of 35 fan thickness as a 

45 conductive support element 1, coating both side surfaces of 
the copper plate with a soft magnetic paste having the First 
composition by a doctor blade method to have a total 
thickness of 1 mm, and performing curing for 24 hours at 
85° C. The analysis of the seventh sample by use of the 

so vibrating magnetometer and the scanning electron micro- 
scope revealed that the directions of magnetization easy axis 
and the magnetic particle alignment were in the surface of 
the sample. 
[Eighth sample] 

55 An eighth sample having a structure of FIG. 1 was 
obtained in the similar manner to obtain the First sample, 
except that a stainless wire netting of 120 mesh was used as 
a conductive support element 1 instead of using the stainless 
wire netting of 24 mesh in the first sample. 

60 [Second comparison sample] 

A second comparison sample was obtained by mixing 80 
weight parts of iron powder of ball like particles with an 
average particle diameter of 30 fan into 20 parts of nitrile 
rubber, and kneading and forming the mixture into a sheet 

65 having a thickness of 1.2 mm. 

The electromagnetic transparent levels and the electro- 
magnetic coupling levels of the first to eighth samples and 
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the first to second comparison samples were measured by The electromagnetic interference suppressing body 100 is 
use of the evaluating systems shown in FIGS. 9 and 10. The fixed to one of LSI 42 and the circuit board 41 before LSI 
measured data are shown in FIGS. 11, 12, 13 and 14. FIG. 42 is mounted on the board 41. Electromagnetic interference 
11 shows frequency characteristics of the electromagnetic suppressing body 100 effectively suppresses noises gener- 
transparent levels of the first and second comparison 5 a t e d a t wiring conductor 43 by reducing induction coupling 
samples. Here, the standard of the transparent level is between LSI 42 and circuit conductor 43, since the electro- 
selected to be the strength of electromagnetic field measured magnetic interference suppressing body 100 absorbs mag- 
at 29 in FIG. 9 when electromagnetic interference suppress- netic flux of a M h f requ6n cy electromagnetic radiation 
ing body 100 is not used in FIG. 9. FIG .12 shows a ^ b ^ | 2 

frequency characteristics of the coupling levels of the first M s m the electronic equipment in FIG. 16, properties 

and second comparison samples Here, the standard of the { m fa e i ectromagnetic interference suppressing body 

coupling level is selected to be the strength of electromag- * ^ j * lQS \ 

netic field measured at 29 in FIG. 10 when electromagnetic ™ ™T ' 1 

interference suppressing body 100 is not used in FIG. 10. and 10. 

FIG. 13 shows frequency characteristics of the electro- Samples subjected to the evaluation test are ninth through 

magnetic transparent levels of the first to eighth samples. « eleventh samples described below. 

Here, the standard of the transparent level is selected to be L" Nlnth sample] 

the strength of electromagnetic field measured at 29 in FIG. The ninth sample has the same structure as shown in FIG. 

9 when the electromagnetic interference suppressing body 1 and was obtained by using stainless wire netting of 120 

100 is not used in FIG. 9. FIG. 14 shows a frequency mesh as a conductive support element 1, coating both sides 

characteristics of the coupling levels of the first through 20 of the netting with a soft magnetic paste having the first 

eighth samples. Here, the standard of the coupling level is composition described above by a doctor blade method to 

selected to be the strength of electromagnetic field measured have the total thickness of 0.5 mm after being dried and 

at 29 in FIG. 10 when electromagnetic interference sup- cured, and performing curing for 24 hours at 85° C. The 

pressing body 100 does not exist in FIG. 10. ninth sample was analysed by use of the vibrating magne- 

FIG. 15 shows the transparent and the coupling levels of 25 tometer and the scanning electron microscope. Thus, it was 

first to eighth samples and first to second comparison confirmed that the directions of the magnetization easy axis 

samples at a frequency of 800 MHz. As is seen from FIGS. and the magnetic particle alignment were in the surface of 

11, 12, and 15, the conductor (a copper plate) of the first the sample, 

comparison sample increases the coupling level, but lowers [Tenth sample] 

the transparent level. The second comparison sample does 30 The tenth sample having a structure of FIG. 2 was 

not almost attenuate the electromagnetic wave transparent obtained in the similar manner to obtain the ninth sample, 

therethrough, although it has a tendency to low the coupling except that a polyimide film of 75 fim thickness having 3 um 

level. That is, the second comparison sample is extremely thick aluminum layers formed on both surfaces thereof by 

low in the electromagnetic interference suppressing prop- sputtering was used as the conductive support element 1. 

erty. 35 [Eleventh sample] 

On the contrary, the electromagnetic interference sup- The eleventh sample having a structure of FIG. 2 was 

pressing body 100 of the first to eighth samples according to obtained in the similar manner to obtain the ninth sample, 

the present invention are sufficiently low in the transparent except that the conductive support element 1 was a 75 fim 

level and in the coupling level as seen from FIGS. 13, 14, thick polyimide film, on both surfaces of which a silver paste 

and 15. Accordingly, it can be seen in FIG. 8 that the two 40 having the second composition described above was coated 

circuit boards 21 and 23, on which a plurality of electronic by a doctor blade method to have 6 fan thickness after being 

parts 24, 25 and 26 are mounted, are protected from elec- dried and cured. 

tromagnetic interference from each other an in individual The first and second comparison samples were also evalu- 

boards by the electromagnetic interference suppressing body ated. 

100 disposed in the space between two circuit boards 21 and 45 The electromagnetic transparent levels and the electro- 

23. magnetic coupling levels of the ninth to eleventh samples 

It should be noted that the electromagnetic interference and the first to second comparison samples were measured 

suppressing body 100 can suppress the electromagnetic by use of the evaluating systems shown in FIGS. 9 and 10. 

interference in various high frequency electronic equip- The measured data are shown in FIGS. 17-20. FIG. 17 

ments including mobile communication equipments, since it 50 shows frequency characteristics of the electromagnetic 

ensures large attenuation for the electromagnetic radiation transparent levels of the first and second comparison 

transparent therethrough without increasing the reflection of samples. Here, the standard or the transparent level is 

the undesired radiation. selected to be the strength of electromagnetic field measured 

Further, electromagnetic interference suppressing body at 29 in FIG. 9 when electromagnetic interference suppress- 
100 described in the embodiments can readily be make to 55 ing body 100 is not used in FIG. 9. FIG. 18 shows a 

have flexibility as seen from its construction so that it may frequency characteristics of the coupling levels of the first 

comply with a complicated shape, anti-vibration or anti- and second comparison samples. Here, the standard of the 

shock requirements. coupling level is selected to be the strength of electromag- 

FIG. 16 shows an electronic equipment according to netic field measured at 29 in FIG. 10 when electromagnetic 
another embodiment which uses the electromagnetic inter- 60 interference suppressing body 100 is not used in FIG. 10. 

ference suppressing body 100. The electronic equipment has FIG. 19 shows frequency characteristics of the electro- 

an LSI 42 of an active element mounted on a circuit board magnetic transparent levels of the ninth to eleventh samples. 

41 and a wiring conductor 43 printed on the other side of the Here, the standard of the transparent level is selected to be 

board 41. The wiring conductor 43 extends below LSI 42. the strength of electromagnetic field measured at 29 in FIG. 
The electromagnetic interference suppressing body 100 hav- 65 9 when the electromagnetic interference suppressing body 

ing the same size and about half thickness as LSI 42 is 100 is not used in FIG. 9. FIG. 20 shows a frequency 

mounted between LSI 42 and circuit board 41. characteristics of the coupling levels of the ninth through 
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eleventh samples. Here, the standard of the coupling level is an optimum electromagnetic condition taking circuit condi- 
selected to be the strength of electromagnetic field measured tions of the hybrid integrated circuit element, an arrange- 
at 29 in FIG. 10 when electromagnetic interference sup- ment of electronic parts to be mounted and the intensity of 
pressing body 100 does not exist in FIG. 10. tne undesired electromagnetic field and the like into con- 
As is seen from FIGS. 17 and 18, the conductor (a copper 5 sideration. 
plate) of the first comparison sample increases the coupling Supposing the hybrid integrated circuit element in FIG. 
level to a value of +7 dB, but lowers the transparent level of 21, properties of the electromagnetic interference suppress- 
-50 dB. The second comparison sample has the transparent ing body 100 were evaluated by use of the systems shown 
level of about -1 dB and does not almost attenuate the in FIGS. 9 and 10. The following twelfth sample and third 
electromagnetic wave transparent therethrough, although it 10 comparison sample were subjected to the evaluating test, 
has a tendency to low the coupling level of 0 dB. [Twelfth sample] 

On the contrary, the ninth to eleventh samples of the The first and the second non-conductive soft magnetic 

electromagnetic interference suppressing body 100 accord- layers 2a and 2b having a sixth composition as described 

ing to the present invention are sufficiently low in the below were formed on both side surfaces of the conductive 

transparent level of about -39 dB and in the coupling level 15 s«PP°rt element 1 having a seventh composition described 

of +1 dB, as seen from FIGS. 19 and 20. below b y tn e slurry dipping method to produce the twelfth 

It should be noted that the electromagnetic interference sample having a structure of FIG. 3. 

suppressing body 100 can suppress the electromagnetic <Sixth composition> 
interference without affection by the reflection of undesired 
radiation in various electronic equipments in which elec- 20 

ironic parts are mounted on a printed circuit board as shown Hit soft magnetic powder 90 weight parts 

in FIG. 16. Further, since the electromagnetic interference Composition: Fe-Al-si alloy 
suppressing body 100 is produced with a thin type plant, 

electronic equipments can be made smaller in size, lighter in Average particle diameter 10 /an 

weight, and low in cost although it has the suppressing 25 omnfcbittita 

properties against the electromagnetic interference. 

FIG. 21 shows an embodiment of a hybrid integrated Polyurethane resin 8 weight parts 

circuit element using electromagnetic interference suppress- Hardening agent (isocyanate compound) 2 weight parts 

ing body 100. The hybrid integrated circuit element com- * ^ 45 weight 

prises a circuit board 51, parts 52 such as an active element, 30 <Seventh composition> 
passive element or the like mounted on circuit board 51, and 

connection lead wires 53 for connecting those parts 52 to SUver P° wde . r 9 * wei S ht 

external equipments. An outer surface of the hybrid inte- ormlcbM^ ^ 

grated circuit element is covered with a dielectric coating 

layer 54 such as resin or the like. In the hybrid integrated 35 Polyvinyl hutyral resin 4 weight parts 

circuit element, the outer surface of dielectric coating layer Hardening agent (isocyanate compound) l weight parts 

54 is covered with an electromagnetic interference suppress- Solvent (Ethyl cellosolve) 75 we.ght part, 

ing body 100 shown in FIG. 3 without contacting with lead 

wire 53. The electromagnetic interference suppressing body [Third comparison sample] 

100 comprises a conductive support element 1 which is 40 A third comparison sample was obtained with 100 ftm 

coated with a first non-conductive soft magnetic layer 2a thickness by coating both sides of a polyimide film of 75 ftm 

and a second non-conductive soft magnetic layer 2b on both thickness with silver paste having the seventh composition, 

sides thereof, respectively. using the slurry dipping method and by drying and harden- 

The first dielectric soft magnetic layer 2a, the conductive ing the paste, 

support element 1 and the second non-conductive soft 45 FIGS. 22 and 23 show the results of the electromagnetic 

magnetic layer 2b are formed by a, so called, slurry impreg- transparent level and the electromagnetic coupling level as 

nating method in which the hybrid integrated circuit element measured. 

is dipped into a soft magnetic slurry and a conductive slurry, It is clear from FIGS. 22 and 23 that the third comparison 

alternatingly. The soft magnetic slurry and the conductive sample is sufficient low in the transparent level, but is high 

slurry are made by mixing a soft magnetic powder 3 and a so in the coupling level. In twelfth sample, on the contrary, the 

conductive powder 8 with organic binder to form mixtures transparent level is sufficiently low and the coupling level is 

and by kneading the mixtures to disperse the powder into the not increased but low. This means that the hybrid integrated 

binder, respectively. Here, as the soft magnetic powder 3 circuit element according to the embodiment has a sufficient 

included in the first and second non-conductive soft mag- shielding effect against electromagnetic waves as the con- 

netic layers 2a and 2b, iron-aluminium-silicon alloy which 55 ventional element coated with the silver paste and does not 

is known as "Sendust" (trademark), and iron-nickel alloy have any reflection of electromagnetic waves which has 

(permalloy) can be used. Further, the soft magnetic body been seen in the conventional element, 

powder 3 is used after being ground into fine powder and Now, description will be made as to a test for evaluating 

surface-oxidized. It is desirable that the aspect ratio of these the electromagnetic suppressing properties of the hybrid 

powders is sufficiently large (about more than 5:1). Further, 60 integrated circuit element in an actual use. For the test, an 

as the conductive powder 8 included in the conductive outer surface of the hybrid integrated circuit element sealed 

support element 1, metal fine powder such as copper powder by resin was coated with a first non-conductive soft mag- 

and silver powder, conductive carbon black powder or netic layer 2a, a conductive support body 1 and a second 

conductive titanium oxide powder can be used. non-conductive soft magnetic layer 2b laminated one on 

Furthermore, the thickness of the non-conductive soft 65 another in this order using the slurry dipping method. After 

magnetic layers 2a and 2b and the conductive support these layers were cured or hardened, the thickness of these 

element 1 and constituent materials are determined to realize three layers were measured to be 0.7 mm. These first and 
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second non-conductive soft magnetic layers 2a and 2b were 
analyzed with the vibrating magnetometer and the scanning 
electron microscope. Both directions of the magnetization 
easy axis and the magnetic particle alignment are in the 
surface of the sample. 

Furthermore, the hybrid integrated circuit element was 
mounted on the mother board and the operation of electric 
circuit was observed. No adverse effect was confirmed. 

As described above, the hybrid integrated circuit element 
coated with the dielectric soft magnetic layers and the 
conductive support element is neither affected by any undes- 
ired radiation nor enhance the electromagnetic coupling by 
reflection when the element is mounted on the mother board. 

According to the present invention in which the outer 
surface of the hybrid integrated circuit element sealed by 
resin is provided with first non-conductive soft magnetic 
layer, a hybrid integrated circuit element is obtained having 
a sufficient shielding effect against radiant electromagnetic 
waves from the mother board or other parts mounted on the 
mother board without enhancing the electromagnetic cou- 
pling between the inner parts or between the parts mounted 20 



8. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said conductive support element 
comprises a non-conductive base member and a soft mag- 
netic metal thin layer overlying at least one of surfaces of 
said non-conductive base member. 

9. An electromagnetic interference suppressing body 
claimed in claim 7 or 8, wherein said non-conductive base 
member is made of one of a non-conductive soft magnetic 
layer and a dielectric layer. 

10. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said conductive support element 
comprises conductive fine powder and organic binder. 

11. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said conductive support element 
comprises a non-conductive base member and a conductive 
layer overlying at least one of surfaces of said non- 
conductive base member, said conductive layer comprises 
conductive fine powder and organic binder. 

12. An electromagnetic interference suppressing body 



n the mother board and without impeding its own opera- claimed in claim 1, wherein said conductive support element 
tion. In particular, it is considerably advantageous to com- is a conductive soft magnetic support element having soft 
bine non-conductive soft magnetic layers 2a, 2b and con- magnetic property. 

ductive support element 1. 13 ^ electromagnetic interference suppressing body 

Although the present invention is described with i refer- 25 clajmed in daim n wherejn said conductive ^ mag netic 
ence to several embodiments, it is needless to say that the d f f fc , 

present invention is not limited to the above embodiments , vv . . , , , ., 6 , „ c 

and various variations are possible without departing from P late ' a wire nettm S metal P lat6 ' and a textlle made of soft 
the spirit of the invention. magnetic metal fiber. 

What is claimed is: 14- An electronic equipment comprising a circuit board 

1. An electromagnetic interference suppressing body for 30 having an active element thereon, said active element gen- 
suppressing electromagnetic interference by undesirable erating an inductive, noise, wherein an electromagnetic 
electromagnetic waves, comprising a conductive support interference suppressing body is interposed between said 
element and a non-conductive soft magnetic layer overlying c i rcu i t boar d sa jd act i ve e i emen t, said electromagnetic 
at least one of the surfaces of said conductive support ^ inter f er ence suppressing body comprising a conductive sup- 
6 ' . . .» . , . . , port element and a non-conductive soft magnetic layer 

Said non-conductive soft magnetic layer comprising soft ^ Qne rf ^ rf ^ conductive 

magnetic powder with organic binder, said soft mag- ' & - 

netic powder being at least one selected from the group 
consisting of flat and needle-like powder dispersed in 
said organic binder, said soft magnetic powder being 40 
aligned parallel to said supporting element within said 
non-conductive soft magnetic layer, and wherein said 
soft magnetic powder comprises iron and at least one of 
nickel, aluminum, and silicon, each of the particles 
oxidized at its surface. 45 

2. An electromagnetic interference suppressing body 



claimed in claim 1, which further comprises a dielectric 
layer overlying said non-conductive soft magnetic layer. 

3. An electromagnetic interference suppressing body 
claimed in claim 1, which further comprises a dielectric 5 
layer interposed between said conductive support element 
and said non-conductive soft magnetic layer. 

4. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said non-conductive soft mag- 
netic layer further comprises dielectric powder. i 

5. An electromagnetic interference suppressing body 
claimed in claim 2 or 3, wherein said dielectric layer 
comprises dielectric powder and organic binder. 

6. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said conductive support element c 
is one selected from a conductive plate, a wire netting 
conductive plate, and a textile made of conductive fiber. 

7. An electromagnetic interference suppressing body 
claimed in claim 1, wherein said conductive support element 
comprises a non-conductive base member and a conducive t 
layer overlying at least one surface of said non-conductive 



support element, 

Said non-conductive soft magnetic layer comprising soft 
magnetic powder and organic binder, said soft mag- 
netic powder being at least one selected from the group 
consisting of flat needle-like powder dispersed in said 
organic binder, said soft magnetic powder being 
aligned parallel to said support element within said 
non-conductive soft magnetic layer, and wherein said 
soft magnetic powder comprises iron and at least one of 
nickel, aluminum, and silicon, each of the particles 
oxidized at its surface. 

15. An electronic equipment claimed in claim 14, wherein 
said electromagnetic interference suppressing body further 
comprises a dielectric layer overlying said non-conductive 
soft magnetic layer. 

16. An electronic equipment claimed in claim 14, wherein 
said electromagnetic interference suppressing body further 
comprises a dielectric layer interposed between said con- 
ductive support element and non-conductive soft magnetic 
layer. 

17. An electronic equipment claimed in claim 14, wherein 
said non-conductive soft magnetic layer further comprises 
dielectric powder. 

18. An electronic equipment claimed in claim 15 or 16, 
wherein said dielectric layer comprises dielectric powder 
and organic binder. 

19. An electronic equipment claimed in claim 14, wherein 
said conductive support element is one selected from a 
conductive plate, a wire netting conductive plate, and a 
textile made of conductive fiber. 
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20. An electronic equipment claimed in claim 14, wherein 
said conductive support element comprises a non- 
conductive base member and a conductive layer overlying at 
least one of surfaces of said non-conductive base member. 

21. An electronic equipment claimed in claim 16, wherein 
said conductive support element comprises a non- 
conductive base member and a soft magnetic metal thin 
layer overlying at least one of surfaces of said non- 
conductive base member. 

22. An electronic equipment claimed in claim 20 or 21, 
wherein said non-conductive base member is made of one of 
a non-conductive soft magnetic layer and a dielectric layer. 

23. An electronic equipment claimed in claim 14, wherein 
said conductive support element comprises conductive fine 
powder and organic binder. 
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24. An electronic equipment claimed in claim 14, wherein 
said conductive support element comprises a non- 
conductive base member and a conductive layer overlying at 
least one of surfaces of said non-conductive base member, 
said conductive layer comprising conductive fine powder 
and organic binder. 

25. An electronic equipment claimed in claim 14, wherein 
said conductive support element is a conductive soft mag- 
netic support element having soft magnetic property. 

) 26. An electronic equipment claimed in claim 14, wherein 
said conductive soft magnetic support element is one 
selected from a soft magnetic metal plate, a wire netting 
metal plate, and a textile made of soft magnetic metal fiber. 
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Mfcm 1 0 4:©Hfcte»tettKtettE2tfrt£SnT^ 
So Sfc, B5 (b) cD«^T)fWJftAtt, mt 
S»ft 1 k*feli14#;IffiftJI 2 fcOiaiKSiBftS 1 0 

[0 0 3 0] ^7*ffiMfc LT#^©«i&$Ti$»j 

ft a fct b 6 icavr j; 5 wmssjtft (t l < am 
mm^-r^mmmm^mm t, awttsitfti 

Oft < t 6nfe«WfiR8ttt*)i 2 fc 

^fLT^So ^'ttlMttftS2{i, flspR (feb< 

©#«ttfti»*3, si«fti»*i 1, atraa 
[0031] *«^o-oo«i«B*"e**»«tt3a* 

ft (t L < {iW«tt^tt5»ft) 1 t LTfct, Hi* 



®#iqiLfcv^>$sx^x/^F/#/k gcWiWI 
tt©a»ft;&$I I « t JJPX U ft&WSfcffiffl T * s „ 
[0032] |wi«©ff^KT#Ko*^#;M14^wrs 

10 [0033] #«iB©«^*©fc ?-^-ea&s*6»tt 
WttJ12 0ff?fi)c(c^s;:i:co-etsfi¥« (feb< 

[0034] *6»ttttattJi2ojgjaKfflv^a#aB^ 

l/y-y^ti/xyl n 2^©fft Rl«ftfffisJc v si * n 6 
©«fi^ft, x#*S^IHB» 7x/-;M$ffl!t, 75 F* 

[0 0 3 5] $fc, WWW51:bT«Atf, =H'J^5 

(cvd) mmvmmmizkVf&mLKmwim 
[0036] tfcig©, mm<D&mim*t>L<tem 

V&g&i'- b ffc-Brf KjB U ^ 5 FStf^O«M» 5 
©frffife L < SMffiK F ^ * Ffe ^7 e - 7 n 

kLTffifflT^So 

[0 0 3 7] «6K, SeJftfitW-ffiS^ft+SMHofed 
40 -o©«g^T-^sp*ftJi 10, t L < tttg»tt«C 
KttftS2CDffMtffl^SCi:OT:-tSR«ftl»5l51 1 

tfSC tA^T'#So 
[0 0 3 8] *^©««TPMffl!ftACJ;S 

^^M^©llJscov^T«Tt^lI1-So a 7 a, 

so fflfflltt A*5^E*t|q] LTEB^nfc 2 -^cTJE^Sfi 2 



(5) 
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[0 0 3 9] EIISS2 1 , 2 3Ktt&4*afcflOW7 «T©«B!?iMfiffi»'JvV-77J'r-*-3 1 , 

SPft2 4, 2 5, 2 6tf^SS*U BHSSS2 1,2 3 €fM/Ivb-7°7yx^ 3 2 %ffl^T^S„ HiiW^ 

1, 2 3CO«?g|3p°p2 4, 2 5, 2 6 ©HPItt, *5*5<fc [0 0 4 1] [tEIl] WSJfift 1 fcU2 4 ^ 

*2mmtt™3. ««STi^mA{iI3l8Sfi2 v J/aO^f VW«*fflV\ d ©?PW43[J#ffc 1 

1, 2 3|IBK»A5n*. #fg93©&S*88M-Sfc:fc ffifcEtt, SMfc»©£Jp: l . ZmmtfrZk^K 

aWMHBRWMILfc. io **-7l>-Kffifc: <fc DfclU 8 5 1CKT 2 4 

[0 0 4 0] 18 (a) RtfM8 (b) ttTOST^H ^7 U V?*frV'>W«ffltSB®*1#fco ft** fcBftfc 

[dB] *jffl£fSfc»©Mi?S-efc!K 08 (b) fflVvClB*TLfci:C3, «{fcSa«Rtf«ltt)fi ; FBlnlS' 

t±, [dB] *«£-r*fc«>OlMBfiT» iRlttKfiSrt^lRjTfe^fc 

5 . £ 1 , «tt#&ilffi?3i8g 2 8 ftlflUK [0 0 4 2] 

<fifig 1 > 

ffl¥«««ttft«H»* 9 0S«P 

ffl S:Fe-Al-SiM 

^mm - i o/xm 

7X^*M£: >5 

xvviszvmm saagp 

«{Utd V*>7*-Mfc£* 2fi«gp 

»W (S/^P'N^/vaWl/XVtOjg^lB) 4 0fi«P 

[ttSEffy 2 ] i i: lt i ] oxt $i i ] t mmic LTwmmummmtc„ 

>lsXm*m^&Rt> 9 8flKte**rrs 2 4^t> [ 0 0 4 4 ] [ggEffll 4 ] *«43dW 1 t LT 75)1 

aOA-vn-fl (5 2N i -F e) ^I^ftMtt, m«Dl^5 K7Y;VAOMffiCTBHO<»M2>Ofi 

[0 0 4 3] [«EW3] «MtflBa«»li:LT7 5|i **-:/l/-KffifcTJiMLfcfc©*^fcfiU1.H\ 

^>>A%^^-y*j«[gLfctO*ffll>feW^«, DfcSE [0 0 4 5] 
<ffl&2> 

mwmm ossmp 

^mm- 3/im 

*ue^;b^5-;b»§l 4fi«gp 

«{t*J WV->7^-Ht» i£SS 

iSffl (xf^Mrrt/Vrt/T) 3 5£ft$ 

[MEM 5] WttttS^fttLT, 2 4^7'>aOXf 31c F^if-yu-KffilciOJtLU 85°C£T24 

COMffiteffijSi, MWtcD^ff^l. 40 «PHI^i7U>^*ffV\ WISffliSfi<D*»ft. 

0mmfc&*±5fc«T©<«rt3>fr&4**^{* [0 0 4 6] t#P>tl/cW*JlKS©^«ia^ 

^-XM:F^^-yi/-FS(aDiIU 8 5°C{c ttMtffcj£2E3«^««*JBV''T#tlr Lfchd5, W, 

T2 4mm*=L7V>7*fi^rc 0 #eftft* ft«swRtraatt!K?EiRi^ieitt8SSiirtsiRi-paB^ 

HftftOJICS^frBafet) 1 0 0 (irai&SJ: [0 0 4 7] 



ffl «:Fe-Al-Si^ 
TOSH : 1 0 n m 
7X-^bit:>5 



9 ommtR 
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$v?\s$y®m smmm 

wm (>ry^T*-bfk^«) zmm% 

mi &zv^*v;ytY)teyt<DU® l M) 4os«bp 

<ffifiic4> 

f-ZyWWVUm 9 0M»g|5 
W-mm :7(im 

*U9U*MB» 8 MSB 

mi &9ws*vyvk.YA'&t<Dmeim 4 5S«p 

[^iiw6] mwa&s&ti tux, z4^y>aox dhu s 5°cct2 4^ra*a7uv^ffvs i F« 

1. 2mmi:4«J:5fcJMTO<ffl^5>^5aSBi« [0 0 4 8] 
<ffij$ 5 > 

m^mmmmm* 7os*» 

m filc:Fe-Al-SiM 
w-mm : 1 0 n m 
7X^? hJt : >5 

^^^K^'J^A^* 2 0S«gP 

TOSS : 7 /i m 

#'J*U*>*» 8fi«SP 

«{hn (-fV'>7*-hft^w) 2«»gp 

iSffl (i'fn'\ttyykh;HyfcOg$ft) 4 5fi«& 

[fcfc809i] JP£tf l 0 0^mO«^tb^ffliSS®i: Hz] *Htz?;&5. cct% tt^l^l/oaeptt, W 

[0 0 4 9] [tUH)2] B«RO»«t«U ¥«fi fctt, IMIfflKPKI)^atfJttMlffi®arKg)OJB» 

Stf 3 0 /im«D«J»8 OSMP*^ h iJ;l/dTA 2 011 30 t8 00MHz Kfctf 538»U'WRtflie£U''W*3S 

tt£J£«fflat8©fcLfc. [0 0 5 2] H 9 (a) Rtf0 9 (b) fr5fc*lJ3,fc5 

[0 0 5 0] W«ffllSfi®~®RtfJtttffllitfi®Rtf® fc, (M68D 0^0«^ UBKWl] T*fi, iS5i 

OffiSWMtfilS^l/^aa (a) Rtf0 8 l^WikfifciSTTSfe©©, Sg-g-b^tftlrfcLT 

(b) K^riM0RlCTjlSbfcl8»*H9 (a) Rtf bSV»|BWT?»*. 

H9 (b) , B10 (a) RtfHl 0 (b) EjS*. 0 [0 0 5 3] -S, tfctt0!l2Ott«1tT}g«a*ttOS 

9 (a) RtfH9 (b) a, J±«fflli»4<D&tf®0««l ^Hav«B%nAtMSW;feOT'ii ^ 

wfWMmnnwHff&t&x,, no (a) »a» w;i/*MrFT*iafa**LT^st>©©, 

1^1/ [dB] cDJl«f [GHz] ttttTifc*. CC Kfc^£ft<Ti^lM©»*«tt«>T»V\, 

■P, »il^<;l/0»P«, «JK»=FJ!Mfllffl(*:AA^V>« 40 [0 0 5 4] cn6fi£«©««» ; F»«lMi*0!ie*K:« 

HOWKH^atLft. 1219 (b) f±*g^l^;b [d LT, *SIWO««»=F^ll«!l#A ( [^WJl] ~ 

b] ©jiissf [ghz] ifttTSSo ^ct% m-su mmm6i ) tft^ta, bio (a), mo 

^jUD&mz, wm&Twmtthtfiit»vm®nmgi (b) atfHi i*»6twaft±5fc» an^MH- 

[0 0 5 11010 (a) Rt/01 0 (b) fi, ffffiffl tf&V\, 

©, ®Rtf©0«»S=Fa«PSJ«I«0^fi»» [0 0 5 5] bfttf^T, fcfcfclf, 07fc^Lf=J;5 

tt*iSU HI 0 (a) [dB] ©Jligit ft«»©«? ffiA 2 4 , 2 5, 2 6Srflft-f ^IMSS 

f [GHz] fflfea&S,, llI?, >IiilL^;l/©gp 21, 2 3*m^frSftS«fc5fc:#frr5WP«8&^ 

««»T»ffliW#A^*v>tt»0«aW3ftSi:b fcfcv^T, £*©E«ai£2 K 2 3|HIfc»A-r6<:fc 

fe= hi 0 (b) nie^ww [dB] ©js«»f [g so vm-mmmmz u 2 3o««T?f%wj-r§ci: 
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[0 0 5 6] 

mmmmmm *tau r a s aMtPSii 
&ti*ft£ # s c t & < iaiiiis^^f < mm e t 

[0 0 5 7]^, *ISB©WKET8^mtt, ^© 
[0ffi©ffi#&tBra 

[a i ] i mmm**? 

[02] ##S0£©m8^*fflmfc£tf s«tt$# 

[0 3 ] *«wo««3STgmifWftfc*^**«tt^ 
*©n 4 *ssffij*^-r-spBffflBn?a6«o 

[S4] ^mnmmmTmmmmcmmm^m 
fovm 5 iaw9*^rH»wiiHif **o 

[0 5 ] *%w<DmmmT&mm<Dm e msg«^ 
U (a) Rtf (b) tt*«it3a*tt:±taatt6ns2 

[0 6 ] #^©tt$!&T)$ffi»*©3! 7 *»W*^-r 

[07] *3%m(onMm^®m\{**mm&mmKmm 

[0 8] WKSTS^PWJftO^WflliKfflv^ffHlli** 

ran 



12 

*U (a) ttj&Il^;l^$J£1-3fc&©f¥«» 

0, (b) im£i<^i*m%.?z>tcit><Dtm&Mmm 

[0 9] itKfflM«0 8 (a) RU'0 8 (b) ©fflHffi 
U (a) «3UiW;l/©H«1ttt^7, (b) fi 
[01 0] MJSfS*l£:B8 (a) fttfH8 (b) ©W 
10 *RU (a) ttffiftl/^;K0ilift»1$tt^7, (b) 

rain iwiimatf JttfiBMSfc-^T, hjmr 

8 0 OMH zKtettS&^Ojgifil^k&tfilS^l'^ 

[ft^©M 
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